





One-Wire Spy 


monitor for |-wire ICs 


Design by Prof. Francesco P Volpe — Email volpe@fh-aschaffenburg.de 


One-Wire Spy is a useful aid that enables a PC to monitor the 
communications between a microcontroller and a |-wire IC 


from Dallas Semiconductor. 


The semiconductor manufacturer Dallas 
Semiconductor offers a series of components 
that can be controlled, read and programmed 
by a master device (such as a microcontroller) 
via a single-wire bus. These ‘1-wire’ devices 
are mainly available as temperature sensors, 
battery-management ICs and memory ICs. 
There is also an identity IC, which contains 
only an identification serial number. Table 1 
summarises the available devices. With a 1- 
wire bus, it is possible to use not only normal 
IC packages, but also TO-92, PR-35 and flip- 
chip packages. Dallas Semiconductor even 
offers ICs in button-cell format, under the 
name ‘iButton’. 


Data transfer 


Data are transferred to and from a 1-wire 
device using the 1-wire protocol. An inte- 
grated multiplexer decodes the incoming sig- 
nals and ensures that the chip receives the 
correct signals. 

Each 1-wire device has an open-drain out- 
put driver, which allows several 1-wire 
devices to be connected to a single bus ina 
wired-AND circuit with a shared resistor. It 
also allows all sorts of normal hardware to be 
connected to the bus. For this reason, Dallas 
Semiconductor calls this bus the ‘microLAN’. 

Dallas offers 1-wire devices with SRAM, 
EPROM, and EEPROM memory, addressable 
switches and complete battery management 
ICs. All types have 8 bytes of ROM, in which 
a family code, a six-byte serial number and a 
CRC-8 byte (cyclic redundancy check byte) 
are stored. This is not a mask-programmed 
ROM. Instead, the eight bytes of information 
(including the serial number) are written to 
each chip at the end of the fabrication 
process by using a laser beam to selectively 
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cut polysilicon tracks. This means 
that all chips of a given type can be 
produced using the same, very 
expensive mask set. 

Commands and data are trans- 
ferred to and received from a 1-wire 
device one bit at a time until the 
command is fully completed, with 
the lsb first. The microcontroller is 
the master in the data transfer 
process, and the 1-wire device is the 
slave. The master establishes the bit 
synchronisation by placing a high-to- 
low transition on the data line. After 
this, either the master or slave sam- 
ples the data line, according to the 





command and the transfer direction. 
Each bit is individually synchronised 
during the data transfer, which 
means that irregular data transfers 
with pauses are certainly allowed. 
Reading and writing takes place 
in ‘time slots’. Normally, the master 
sends a Reset (tgsTr, low for at least 
480 us) to create a defined initial 
condition. This is followed by an 
equally long interval with the data 
line held high. During this interval 
(tasty), the 1-wire device generates 
a Presence pulse, which allows the 
master to determine whether a 1- 
wire device is connected to the bus 
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(see Figure 1). 

After the master has initiated the 
transfer with a High-to-Low transi- 
tion, data bits can be transferred to 
the 1-wire device in write time slots 
that are 60 to 120 us long. The 1-wire 
device samples the data line 15 to 
60 us after the falling edge of the 
synchronisation signal. If it finds a 
High level, it interprets this as a 1 
(see Figure 2), while a Low level will 
be interpreted as a 0 (see Figure 3). 
Due to the timing tolerance of 15 to 
60 us, the data line must be held sta- 
ble during this interval. Following 
this, the 1-wire device needs a recov- 
ery time of at least 1 us before the 
next bit can be sent. 

The master reads data in a simi- 
lar manner (see Figure 4). Once 
again, the master starts with a syn- 
chronisation signal (falling edge), 
following which the 1-wire device 
sends one bit from the addressed 
memory location. If the bit is a 1, the 
1-wire device does not have to do 
anything, since the pull-up resistor 
will hold the data line at a High 
level. With a 0, by contrast, the 
device pulls the data line Low for 
15 us. The master can sample the 
line during this interval. The master 
must hold the line Low for at least 
1 Us after the synchronisation falling 
edge. However, it should not hold 
the line Low any longer than this, in 
order to keep the sampling window 
as large as possible. After the bit 
has been transferred, the 1-wire 
device needs between 0 and 45 us 
to release the line. 

Commands and data are trans- 
ferred to the 1-wire device by a 
series of write-zero and write-one 
time slots (see Figure 5). To read 
data and receive return messages, 
the master must generate an appro- 
priate number of read-data time 
slots. 


Wiretapping 


The overall arrangement for reading 
and writing data with 1-wire devices 
is very intricate. This means that it 
is probably ‘normal’ that newly gen- 
erated software will have errors, 
which could be very difficult to cor- 
rect without a record of the data 
stream. The One-Wire Spy generates 
a log of the data transferred over the 
1-wire bus. It is simply connected 
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60 us < tpp < 240 us 


Figure |. The master must hold the data line Low for at least 480 us to generate a Reset 
pulse. The |-wire device responds with a Presence pulse. 
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Figure 2. The master writes a | by releasing the data line after the negative edge, with a 
maximum delay of | 5 us. 
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Figure 3. The master must hold the data line Low for at least |5 us to write a O. 
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Figure 4. The master samples the data line within |5 us following the negative edge to read 
data from the | -wire device. 
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between the master and the 1-wire device, as 
shown in Figure 6, and then connected to a 
PC via an RS232 interface. A valid Reset pulse 
is necessary to trigger the One-Wire Spy. 
After this, it is synchronised to the following 
data stream. Depending on whether a 1-wire 
device is connected to the bus, the One-Wire 
Spy sends either the ASCII string ‘RS’ (no 
device) or the string ‘RP’ (1-wire device prop- 
erly connected to the bus). It also sends all 
received bytes as ASCII strings. The data 
transfer between the One-Wire Spy and the 
PC follows the serial RS232 standard at 9600 
baud, with 8 data bits and 1 stop bit. 

The data rate on the 1-wire bus can be up 
to 16.3 kbit/s, but the One-Wire Spy can 
transfer data to the PC at only 9.6 kbit/s. This 
means that the One-Wire Spy must buffer the 
data. A fast FIFO (first in, first out) memory 
can be used for this purpose. For normal 
applications, a memory size of 1 kB is ade- 
quate, but sizes of up to 4 kB can readily be 
used. 

Based on the above description, we can 
assign tasks to the two microcontrollers 
shown in the circuit diagram (Figure 7). The 
bus is connected to one port of microcon- 
troller IC3 (PIC16C54). This IC converts eight 
serial bits into a parallel byte, and passes it 
to the FIFO memory via a write instruction 
(WRFIFO). 

The second microcontroller is a PIC16F84 
that converts the parallel bytes back to a ser- 
ial data stream, but this time according to the 
RS232 standard. The TTL-level outputs of this 
IC are converted to symmetric +12 V levels 
by the following MAX232 (IC2). The micro- 
controller can detect an overflow of the FIFO, 
and if this occurs it blocks the input micro- 
controller via the RPIC line. LED D2 is illumi- 
nated at the same time, but it remains illumi- 
nated only until the FIFO is once again ready 
to accept data. Any data that are transferred 
over the bus during this interval will not be 
logged. 


Construction and installation 


The One-Wire Spy can be built on the double- 
sided printed circuit board shown in Figure 8. 
This is unfortunately not available from Read- 
ers Services. However, the circuit board, as 
well as construction kits and fully assembled 
boards, may be obtained from Elektron- 
ikladen (www.elektronikladen.de). Note that 
this could not be ascertained at the time of 
writing this article. 

The power supply is included on the circuit 
board. It consists of a bridge rectifier, a 5-V 
voltage regulator and a few capacitors. The 
green LED acts as a power-on indicator. 
Power is provided by a mains adapter that 
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Figure 5. Following the Presence pulse from the | -wire device, the master transfers 
a command to read the ROM. The |-wire device responds with the content of its 


ROM. 


can deliver a DC voltage between 9 
and 15 or an AC voltage between 7 
and 12 V. This is connected to the 
2.1-mm low-voltage jack BU2. 

The construction of the circuit is 
not difficult, especially since all ICs 
may be fitted in sockets. The instal- 
lation of the One-Wire Spy is equally 
simple. Start a terminal emulator 
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program (such as HyperTerminal) on 
the PC, set the serial port parame- 
ters to 9600 baud, 8 data bits, no 
parity and one stop bit, and connect 
the One-Wire Spy to the serial inter- 
face connector of the PC via an 
RS232 cable. Now connect the mains 
adapter, which should cause the 
green LED to light up. The terminal 


~ 
=i 0 STor 4 





Figure 6. Coupling a |-wire device to the | -wire bus. 
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1-WIRE 


|-Wire-Device 


DS1820 
DS18B20 
DS18S20 
DS1821 
DS1822 
DS2401 
DS2404 
DS2404S-CO0| 
DS2405 
DS2406 
DS2409 
DS2417 
DS2423 
DS2430A 
DS2433 
DS2434 
DS2435 
DS2436 
DS2437 
DS2438 
DS2450 
DS2480B 
DS2490 
DS2502 
DS2502-UNW 
DS2502-E64 
DS2505 
DS2505-UNW 
DS2506 
DS2506-UNW 
DS2890 
DS9502 
DS9503 
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Function 


Digital Thermometer 

Programmable Resolution Digital Thermometer 
High-Precision Digital Thermometer 
Stand-alone Thermostat 

Programmable Resolution Digital Thermometer 
Silicon Serial Number 

EconoRAM Time Chip 

Dual-Port Memory Plus Time 

Addressable Switch 

Dual Addressable Switch 

MicroLAN Coupler 

Time Chip with Interrupt 

|-Wire RAM with Counters 

|-Wire EEPROM 

|-Wire EEPROM 

Thermometer 
Thermometer/Time-Temperature Histogram 
Thermometer, Voltage A/D 

Fuel Gauge, Voltage A/D, RealTime Clock, Temperature 
Fuel Gauge, Voltage A/D, Elapsed Time, Temperature 
|-Wire Quad A/D Converter 

|-Wire Line Driver 

USB to |-Wire Bridge 

Add-only Memory 

UniqueWare 

IEEE EUI-64 Node Address Chip 

Add-only Memory 

UniqueWare 

Add-only Memory 

UniqueWare 

|-Wire Digital Potentiometer 

ESD Protection Diode 

ESD Protection Diode with Resistors 
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IC6 = 7400 
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Figure 7. The hardware of the One-Wire Spy consists of a FIFO memory and two microcontrollers. 


Memory 


16 Bits EEPROM 

16 Bits EEPROM 

16 Bits EEPROM 

2 bytes NV 

No NV 

No additional memory 
4096 bits RAM 

4096 bits RAM 

No additional memory 
1024 Bits EPROM 

No additional memory 
32-bit Real Time Clock Counter 

4096 bits RAM 

256+ 64 bits EEPROM 

4096 bits EEPROM 

32 byte EEPROM, 32 bytes SRAM 

32 bytes EEPROM, 32 bytes SRAM 

32 bytes EEPROM, 8 bytes SRAM 

40 bytes EEPROM 

40 bytes EEPROM 

Status Control Memory Only 

Status Control Memory Only 

Chip Mode Control and I/O FIFOs 

1024 Bits EPROM 

1024 Bits EPROM 

256 bits pre-programmed, 768 bits user-programmable 
16,384 Bits EPROM 

16,384 Bits EPROM 

65,536 Bits EPROM 

65,536 Bits EPROM 

Feature and Control Memory 





Table |. Summary of | -wire 
devices available from Dallas 
Semiconductor. 
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emulator will report the startup message Further information on iButton chips On Project Disk 


‘OneWireSpy’ (possibly after you press the from Dallas Semiconductor: # 000048-II 

Reset button), and after this the One-Wire www.dalsemi.com 

Spy waits for data on the bus. www.ibutton.com Hex! 6-Listings of both PIC pro- 
(000048-1) grams 


PCB layout, Eagle file 
PCB layout, TIF file 


Internet: 

Project software # 000048-1 I may 
also be downloaded from our website 
at http://www.elektor- 
electronics.co.uk (subscribers only). 
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Resistors: 


RI,R4 = 10k 
R3 = 47Q 

R5 = 22002 
R6 = 20kQ 
R7 = 5kQ2 

R9 = 68002 


Capacitors: 

Cl-C4 = IF I6V radial 
C5-C8 = |5pF 
C9I,C10,CI1,C21,C22 = 100nF 
Cl4= 

C20 = 100uF 50V 

C23 = |0uF 16V 


Semiconductors: 

DI = IN4148 

D2 = LED, 3 mm, red 

D5 = LED, 3 mm, green 

Bri = B40C1500 (40V piv, |.5A 
peak) 

TI = BC547 

ICI = CY/7C42xI (Cypress Semi- 
conductor) 

IC2 = MAX232CPE (Maxim) 

IC3 = PIC|6C54 (programmed, 
order code 000048-42) 

IC4 = PICI 6F84 (programmed, 
order code 000048-4 1) 

ICS = 7805 

IC6 = 74HCTOO 


Miscellaneous: 

X1,X2 = 10 MHz quartz crystal 

SI = miniature pushbutton, 
| -make contact 

Bul = 9-way sub-D socket 

Ury (female), PCB mount 

Bu2 = Mains adaptor socket, PCB 
mount, 2.1 mm 


, , o, , , Sockets for all ICs (except IC5) 
Figure 8. The double-sided printed circuit board for the One-Wire Spy (not available from Disk, order code 000048-1 I 


Readers Services). 
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